Background. Malignant melanoma in childhood is infrequent and can arise within congenital melanocytic nevi. Spread of malignant melanoma to the bone marrow, especially in children, is extremely rare. Methods and Results. Reported is a case of a 5-year-old boy with a congenital large melanocytic nevus of the head and neck who presented with a short history of low back and leg pain, fever and cervical lymphadenopathy. Despite regular follow-up by a dermatologist and plastic surgeon and repeatedly negative histology of previous partial excisions, diffuse bone marrow infiltration with malignant melanoma was diagnosed. The primary site was identified in the post-excision area. The disease progressed rapidly on ipilimumab immunotherapy and led to death at four months from the diagnosis. Conclusion. Surveillance is indispensable in children with a predisposition to melanoma and nonspecific symptoms such as bone pain, gait impairment or cytopenia, should always be taken into account.
INTRODUCTION
in spite of recent diagnostic and therapeutic advances, metastatic malignant melanoma is a serious disease with poor prognosis in both children and adults. malignant melanoma is rare in childhood, constituting approximately 3% of pediatric malignancies 1 . its risk factors and clinical characteristics differ from those seen in melanoma in adults (e.g. different architectural and cytopathologic features; higher percentage of amelanotic and raised lesions, nodular histotype and thick lesions; more frequent primary melanomas of the head and neck; faster growth), with a background of a congenital melanocytic nevus being one of the predisposing factors 2, 3 . Here we report a rare case of a 5-year-old boy with a large congenital melanocytic nevus of the head and neck who presented with malignant melanoma metastasizing to the bone marrow.
CASe RePORT
a 5-year-old boy, referred to our department by his general practitioner, had a 2-week history of pain in the lower extremities, especially in the shin area, gradually progressing over several days prior to his admission. The pain disturbed his sleep, responded only partially to nonsteroidal anti-inflammatory drugs and later spread to the lumbar and occipital areas. His parents also noticed gait impairment and inability to sit. one day before his admission, the boy presented to a pediatric emergency department with fever (up to 38.5 °c) and cervical lymphadenopathy. c-reactive protein and erythrocyte sedimentation rate tests gave negative results and ultrasound of the neck revealed round, hypoechoic nodes without liquefaction. orthopedic examination showed limited lumbosacral flexion but unrestricted movement in the hips and other joints.
since his four months of age, the boy had been followed up by a dermatologist and plastic surgeon for a large congenital melanocytic nevus of the head and neck extending across the entire right temporo-parieto-occipital region (Fig. 1) . He underwent multiple plastic surgery procedures including four partial excisions, always with negative histology. The most recent histological examination performed 12 months earlier showed type i superficial congenital compound melanocytic nevus with maturation of nevi cells without atypia. The time since the last check-up by his plastic surgeon was six months. The boy was afebrile on admission. a large scar with an underlying palpable mass was found on the patient's scalp; his cervical (predominantly occipital) lymph nodes were palpable. The straight leg raise test was weakly positive. Neurological examination revealed neck stiffness (only in extension) and flaccid paralysis of both lower limbs. laboratory tests found normal white blood cell count (10.1 x 10 9 /l) with mildly elevated neutrophils (65%), a hemoglobin level and mean cell volume at the lower limits of normal (119 g/l and 73 fl, respectively), normal platelet count (191 x 10 9 /l), increased d-dimers (9.2 nmol/l) and lactate dehydrogenase (12 µkat/l). other laboratory values including inflammatory markers plus all performed swabs and serology results were negative. No pathology was found on x-ray of the chest and hips but straightening of the lumbar lordosis was seen on the lateral projection. Ultrasound examination of the neck confirmed the previous finding of enlarged round, hypoechoic lymph nodes up to 24 mm in diameter, without liquefaction. abdominal ultrasound was normal except for a 2 mm wide band of fluid in the douglas cavity. Because of suspected neuroinfection, lumbar puncture was performed early after admission, showing increased total cerebrospinal fluid (csF) protein (1.4 g/l), albumin (1200 mg/l), igm (18.1 mg/l) and csF cell count (48 cells/µl). as the csF was positive for anti-Borrelia species igm (29 aU/ml), intravenous antibiotic therapy was started (ceftriaxone 100 mg/kg/day).
Whole-body peT/cT was performed on the second day of hospitalization due to elevated lactate dehydrogenase and migrating pain in the lower extremities and spine. multiple confluent foci of intense glucose hypermetabolism were detected in the extent corresponding to almost the entire active bone marrow, with maximum changes in the spine, sternum, pelvis and both femurs. in contrast, neither the subcutaneous mass of the skull, cervical lymph nodes nor parenchymal organs showed increased glucose utilization (Fig. 2) .
subsequently, bone marrow aspiration and trephine biopsy were performed. immunophenotyping revealed bone marrow infiltration with atypical cells of non-hematopoietic origin (strong expression of cd10, cd81, weak expression of cd56, cd117 and lack of cd45 and cd99) at a level of approximately 51%. Trephine biopsy histology showed diffuse infiltration of the bone marrow by a monotonous population of large epithelioid tumor cells with large nuclei and high proliferative activity (Ki-67 index of approximately 70%). The cells expressed vimentin, s100 protein, melan-a and cd10. interestingly, melanin was absent in the cytoplasm of malignant cells in the bone marrow aspirate and trephine biopsy (Fig. 3) . cytogenetic examination showed a complex karyotype of the malignant cells; subsequent FisH and mFisH identified three clones (Fig. 4) .
The boy was referred to a pediatric oncology department where a subtotal resection of the tumor of the scalp was performed promptly, with the resection margins being positive. after completion of the initial work-up, the tumor was classified as nodular malignant melanoma with the primary lesion located on the head, clark level 5, Breslow depth of 9 mm, clinical stage iV -pT4a, N2b, m1c according to the aJcc classification, high riskwith metastatic spread to the lymph nodes, bone marrow, liver, spleen and lumbar spine. The biological characteristics of the tumor included a high mitotic index, Ki-67 35%, positive angioinvasion, absence of ulceration, functional p53 (assessed by yeast functional assay) (ref. 4 ) and positivity of BRAF V600e mutation. The level of infiltration with cd4+, cd8+, Treg and cd68+ cells was very low. a single-agent immunotherapy with the monoclonal antibody ipilimumab was started after confirmation of the diagnosis; four doses of ipilimumab were administered (3 mg/kg, one course of 12 weeks) without serious side effects. Unfortunately, the disease progressed on treatment and orbital and spinal metastases developed. laminectomy of l5 and s1 with subtotal resection of a spinal metastasis was required six weeks later due to a neurological impairment including paraparesis and leg pain. after four applications of ipilimumab, active treatment was stopped because of tumor progression and rapid clinical deterioration (anorexia, severe cachexia and poor performance status -lansky score [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . at the parents' request, the therapy was continued with palliative metronomic chemotherapy (vinblastine weekly) plus symptomatic treatment. The patient died at home four months after the initial diagnosis of malignant melanoma. (1)(?q),+1,i(2)(p?11), +2,der(3)t(3;6) (q?28;q?),+7,+7,+8,+10,der(11)t(7;11)(?;?p),+12,+13,i (14) t(14;17)(q?;?),+14,+15,der(16)t(7;16)(?;?),dup (20) (q?),+20,+20,+20,+21 [14] /57,X,-Y,del(1)(?q),+1,i(2) (p?11), +2,der(3)t(3;6)(q?28;q?),del(6)(q?),der(7)t(7;21) (p?;q?),+7,+8,+10,der(11)t(7;11)(?;?p),+12, +13,i (14) 
DISCUSSION
malignant melanoma is a rare entity in childhood and reports of its increasing long-term incidence trends have been recently challenged 1, 5 . The known risk factors in children include genetic factors (genodermatoses such as xeroderma pigmentosum, dysplastic nevus syndrome, Werner syndrome, neurocutaneous melanosis) but also immunodeficiency, past cancer treatment and familial incidence of melanoma 2, 3 . about 5-10% of large congenital melanocytic nevi give rise to malignant melanoma whose genomic characteristics and UV signature are different from those of conventional melanoma 6, 7 . approximately 140 cases of metastatic malignant melanoma arising in large congenital melanocytic nevi have been reported so far [8] [9] [10] [11] . in a recent large study of pediatric malignant melanoma, only 8 of 443 patients developed melanoma on congenital nevi 12 . Furthermore, bone marrow metastasis in melanoma is exceptional, especially in childhood 3, 8 . of note, absence of melanin in the cytoplasm of malignant cells in the bone marrow, as was seen in our patient, is also rare and allows an initial consideration of rhabdomyosarcoma. This fact may be important in the differential diagnosis because sporadic cases of rhabdomyosarcoma arising in a congenital melanocytic nevus have been reported 13 . However, immunophenotypic and cytogenetic findings in our patient were consistent with published data on malignant melanoma, including positivity of cd10 and cd117, complex karyotype changes with multiple polysomies reflecting the malignant potential of the tumor, including unbalanced translocations of chromosomes 3, 7, 11, 14 and 16, tetrasomy 20 and gain of chromosome 7 which has been associated with tumor progression 11, [14] [15] [16] [17] . although surgery remains the first-line treatment for malignant melanoma, great progress has been made in the field of immunotherapy gradually replacing conventional chemotherapy. apart from cytokines, monoclonal antibodies and dendritic cell vaccines, targeted "immune checkpoint blockade" therapy including inhibitors of cytotoxic T-lymphocyte antigen 4 (cTla-4) (ipilimumab, tremelimumab), mitogen-activated protein kinase (mapK) pathway inhibitors (vemurafenib, cobimetinib, dabrafenib and trametinib) and new immunotherapeutic agents such as programmed cell death 1 (pd-1) receptor and its ligand (pd-l1) blocking antibodies (nivolumab, pembrolizumab) have been introduced, igniting a revolution in the treatment of malignant melanoma since the Fda's approval of anti-cTla-4 therapy in 2011 (ref. [18] [19] [20] [21] ). although combined inhibition (e.g. anti-cTla-4 plus anti-pd-1) could represent the best available choice, the optimal sequence of targeted treatment is still undefined, especially in children. ipilimumab monotherapy in our BraF-positive patient was used because of his poor performance status and unavailability of a BraF inhibitor at the time of diagnosis. a study of vemurafenib was started at our center more recently.
long-term outcomes of malignant melanoma in childhood are generally favorable, but depend significantly on the tumor stage 12 . in a study by lacoste et al., the mortality rate of malignant melanoma arising within large congenital melanocytic nevi was 60% (ref.
11
). accordingly, in our patient with an extremely advanced disease, we were unsuccessful in reversing the rapid disease progression and death.
CONCLUSION
This is a unique report of malignant melanoma arising in a large congenital melanocytic nevus and metastasizing to the bone marrow in a 5-year-old boy. The question is whether the frequency of regular skin examinations is sufficient or should be increased in similar cases. We point to possible bone marrow involvement in children with predisposition to melanoma, where bone pain, gait impairment or cytopenia can mimic other neurologic or hematologic diseases.
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